Campylobacter jejuni and C. coli are the most frequent causes of bacterial gastroenteritis in Finland (www.ktl.fi/ttr). The number of laboratory-confirmed cases has nearly doubled over a 10-year period (2,197 cases in 1995 to 4,002 cases in 2005). Campylobacter species are frequently isolated from a wide variety of sources, including poultry, cattle, pigs, sheep, cats, dogs, wild birds, and water. Most Campylobacter infections are sporadic, and the relative contributions of different sources of infection remain unknown. Risk factors for Campylobacter infection, as identified by case-control studies, include eating or preparing raw or undercooked meat, especially chicken meat, drinking unpasteurized milk or untreated water, contact with domestic animals and pets, and foreign travel (14, 18, 26) . A recent case-control study (19) revealed swimming in natural bodies of water to be a novel risk factor. In addition, eating undercooked meat and drinking from dug wells were independent risk factors for domestically acquired Campylobacter infections in Finland (19).
Campylobacter jejuni and C. coli are the most frequent causes of bacterial gastroenteritis in Finland (www.ktl.fi/ttr). The number of laboratory-confirmed cases has nearly doubled over a 10-year period (2, 197 cases in 1995 to 4,002 cases in 2005). Campylobacter species are frequently isolated from a wide variety of sources, including poultry, cattle, pigs, sheep, cats, dogs, wild birds, and water. Most Campylobacter infections are sporadic, and the relative contributions of different sources of infection remain unknown. Risk factors for Campylobacter infection, as identified by case-control studies, include eating or preparing raw or undercooked meat, especially chicken meat, drinking unpasteurized milk or untreated water, contact with domestic animals and pets, and foreign travel (14, 18, 26) . A recent case-control study (19) revealed swimming in natural bodies of water to be a novel risk factor. In addition, eating undercooked meat and drinking from dug wells were independent risk factors for domestically acquired Campylobacter infections in Finland (19) .
Discriminatory typing methods for use in the study of the molecular epidemiology and population genetics of Campylobacter isolates are crucial to better understand the epidemiology and ecology of the organism. Once such information is obtained, it could be used to develop intervention strategies to limit the numbers of human infections. Dingle et al. (6) developed a multilocus sequence typing (MLST) scheme for C. jejuni, which has been shown to be a valuable tool for studying the diversity and population genetics of Campylobacter isolates. The advantages of MLST over other molecular methods, such as pulsed-field gel electrophoresis, include transferability, standardized nomenclature, free access to the database on the Internet, and direct comparability of results between different studies. Recently, an MLST scheme utilizing the same loci previously described for typing C. jejuni was also described for C. coli (4) .
Studies using molecular methods suggest that some animal host-adapted genotypes or clonal lineages may never or only rarely cause disease in humans whereas others may be common human pathogens with one or several potential foodborne sources (3, 16, 22) . Host associations among some C. coli genotypes have also been suggested (17) . The impact of the host and that of the bacterial strain on the disease outcome are still poorly understood.
The aims of this study were (i) the longitudinal investigation of the genetic diversity, as measured by MLST, among Finnish C. jejuni and C. coli strains collected from domestically acquired infections in 1996, 2002, and 2003; (ii) the study of the relationships of sequence types (STs) and ST complexes of the infecting strain with demographic characteristics of the pa-tients and serotype and detailed epidemiological data obtained in a case-control study conducted in Helsinki, Finland, in 2002 (19) ; and (iii) the evaluation of the overlap of MLST profiles between isolates from humans and those from bovine feces and retail poultry meat during the seasonal peak in 2003.
RESULTS
A total of 305 human (C. coli, n ϭ 7), 20 bovine, 32 chicken (C. coli, n ϭ 3), and four turkey isolates were successfully typed by MLST ( Fig. 1 ). The ST-22 complex was more prevalent in 1996 than in other years (P ϭ 0.00001, 2 test using Yates' correction). In comparison, the ST-45 complex was most prevalent in 2002 (P ϭ 0.042) and the ST-21 complex in 2003 (P Ͻ 0.00001). Furthermore, ST-22 (P Ͻ 0.00001) and ST-1944 (P ϭ 0.048, 2 test using Yates' correction) were found only in 1996 whereas ST-48 (P ϭ 0.012) and ST-538 (P ϭ 0.032) were detected only in 2002. ST-50 was detected more often than expected in 2003 (P Ͻ 0.00001) but less often than expected in 1996 (P ϭ 0.0016). Similarly, ST-230 was detected more often than expected in 2002 (P ϭ 0.011) but less often than expected in 2003 (P ϭ 0.031). The highest number of isolates was obtained in July and August in each sample year (Fig. 2) . However, no clear distinctions between the occurrence of different STs or ST complexes during the different seasons could be made.
The association of the age and gender of the patients with the STs and ST complexes was evaluated (data not shown). The ST-828 complex, including six out of seven C. coli isolates, was associated with advanced age (Ն60 years; P ϭ 0.002, 2 test using Yates' correction). The patient age range for all of the clinical C. coli isolates was 19 to 80 years (mean, 55 years). No significant associations between the gender of the patients and either the ST or the ST complex of the isolates were found.
Association of ST and ST complex with epidemiological data and serotype in 2002. Fisher's exact test was used to evaluate the associations between ST and ST complex and those risk factors given in the questionnaire of Schönberg-Norio et al. (19) . The ST-48 complex was significantly associated with the eating or tasting of raw minced meat (Table 2) . VOL. 73, 2007 MLST OF CAMPYLOBACTER ISOLATES FROM HUMANS/ANIMALS 149 Patients infected with new and unassigned ST isolates had been swimming in natural bodies of water more often than expected (Table 2 ). These patients were less frequently hospitalized. The ST-677 complex was associated with drinking nonchlorinated water from a small water plant and water from natural sources (i.e., lake, spring, stream, etc.). Nine patients (82%) infected with ST-677 complex isolates were hospitalized (19, 20) .
c All isolates from cattle and poultry were collected during the seasonal peak from July to September, as were numbers of isolates given in parentheses for isolates collected from humans in 2003.
(data not shown). In comparison, 57% of all patients with C. jejuni and C. coli infections reported having been hospitalized. The difference in frequency of hospitalization among these patients was not statistically significant (P ϭ 0.082). The patients with the ST-677 complex reported a mean length of stay in hospital of 3.9 days (average for all patients, 2.1 days). Among patients with ST-677 complex isolates, drinking from a dug well and contact with pet dogs were reported less frequently than among other patients ( Table 2) .
The ST-45 complex was significantly associated with contact with cats and associated less frequently than expected with eating minced pork meat (Table 2 plexes, HS5 with the ST-52 complex, and HS6/7 with the ST-45 complex. The ST-45 complex included many additional serotypes (HS12, HS21, HS27, HS55, and HS57) that were observed in one to three isolates (data not shown). Figure 3 illustrates the percent distribution of isolates from humans, cattle, and poultry among the ST complexes during the seasonal peak from July to September in 2003. The distribution of STs of isolates from humans, cattle, and poultry is shown in Table 1 . The levels of overlap of ST complexes between isolates from humans and cattle and between isolates from humans and poultry were 77% and 87%, respectively, whereas the respective levels of overlap of STs were 37 and 74%. ST-50 (ST-21 complex) was significantly associated with isolates from humans (P ϭ 0.00045) and was less common among isolates from cattle than among other sources (P ϭ 0.0035, Fisher's exact test). By comparison, ST-45 (ST-45 complex) was significantly associated with poultry (P ϭ 0.0028, 2 test) and less common among isolates from cattle (P ϭ 0.002). However, ST-53 (ST-21 complex) (P ϭ 0.00048), ST-58 (P ϭ 0.00006), ST-61 (ST-61 complex) (P ϭ 0.024), and ST-883 (ST-21 complex) (P ϭ 0.0035) were significantly associated with isolates from cattle.
Diversity of isolates during summer peak in 2003.

DISCUSSION
Our study is the first to describe, by use of MLST, Finnish C. jejuni and C. coli populations in humans and meat-producing animals. The strains used represented a spatially and temporally restricted collection, and 46 isolates from humans from the seasonal peak in 2002 had a known epidemiological background. The largest clonal complexes (ST-45, ST-21, and ST-677) were prevalent each year of the study and covered 76% of the isolates from humans. The clonal population structure may be due to niche adaptation, geographic isolation, host immune selection, or barriers to genetic exchange (23) . Compared to previous studies using collections of strains obtained mainly from humans in the United Kingdom and The Netherlands (5) and also from diverse sources in the United Kingdom (16), we found ST-45 and ST-677 complexes to be more prevalent among the Finnish Campylobacter population. These results together with those of others (7, 10) suggest that different FIG. 3 . Distribution of ST complexes among isolation sources during the seasonal peak from July to September in 2003. UA, unassigned to a previously described clonal complex. a From the case-control study conducted by Schönberg-Norio et al. (19, 20) . b Number of positive responses out of all responses to the variable in question.
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genotypes may be more prevalent in different geographical areas. The ST-828 complex (C. coli) was associated with patients of Ն60 years. This is in line with a previous report by Gillespie et al. (12) , who showed that patients infected with C. coli tended to be older than those infected with C. jejuni. In our study, we found ST-854 (ST-828 complex) isolates in retail chicken meat; however, no overlap between chicken and human C. coli STs was seen. This result supports the view presented in a previous study (4) in which ST-854 was commonly found in chickens (29%) but not in pigs located on the same farm or in humans, suggesting that there might be a host preference for certain C. coli genotypes. The same study revealed a larger ST diversity among C. coli isolates from humans than among those from chickens and pigs. However, no overlap between isolates from these different sources was detected. In contrast, Miller et al. (17) identified most C. coli STs previously identified only in humans (4) also in samples from cattle, pigs, chickens, and/or turkeys, suggesting that many different transmission routes may play a role in the epidemiology of C. coli. Further studies should be conducted in order to understand the epidemiology of C. coli in more detail.
Drinking unpasteurized milk and contact with cattle have been implicated in Campylobacter infections in several studies (9, 18) . In our study, ST-53, ST-58, ST-61, and ST-883 were significantly associated with isolates from cattle. In addition, ST-52 was associated with contact with cattle and drinking unpasteurized milk whereas ST-48 was associated with tasting or eating raw minced meat and ST-475 (ST-48 complex) was isolated from bovine feces. These results are in line with previous findings suggesting that ST-48 and ST-61 complexes are overrepresented in isolates from cattle (5, 11, 16) . Furthermore, ST-58, which earlier was reported to occur only among cattle in Northern Ireland (http://eburst.mlst.net/), was identified only among isolates from cattle (25%) in our study. Further studies will confirm if ST-58 is associated with cattle and is uncommon in other sources as well as in human infections.
Eating or handling undercooked or raw chicken meat is a well-known risk factor for campylobacteriosis, as shown in several epidemiological studies (9, 14, 15, 18, 19, 26) . In Finland, the production and consumption of chicken meat have almost doubled from 1995 to 2003 (http://www.etl.fi/tilastot/pdf /myynti/Kotimaa2005.pdf), and a similar increase has taken place in many other western European countries as well. A recent Danish epidemiological case-control study suggested that the increase in the consumption of fresh, unfrozen chicken meat since the middle of the 1990s has contributed to the increasing number of human Campylobacter infections (26) . Our MLST results of isolates collected from humans in 1996, 2002, and 2003 support the expansion of certain clonal lineages, including a slight increase in the numbers of ST-45 and a more pronounced increase in ST-50, both types which often occur also among isolates from chicken. We found that ST-45 was the only type present in all sources studied in 2003. In our study, ST-45 was significantly associated with poultry and humans, in line with the findings of previous studies (2, 5, 16 ). Although we found that ST-45 was strongly associated with chicken, a variety of other STs were found in chicken meat as well. This result is in line with the finding that tasting or eating raw and undercooked chicken meat was not associated with a particular ST or ST complex in our study.
Healthy cats and dogs are known to carry Campylobacter species, and contact with a pet dog and/or cat has been identified as a risk factor for human campylobacteriosis in previous studies (1, 15, 18, 27) . In our study, the most common clonal complex, ST-45, was found to be significantly associated with contact with pet cats and dogs. It has previously been shown (25) that dogs that have regular contact with birds or poultry are more likely to carry C. jejuni. This is in line with our finding that the ST-45 complex was overrepresented among isolates from poultry. However, further studies on the importance of pet dogs and cats in human infections, especially in urban areas, are needed.
The ST-21 complex was the second largest clonal complex found in our study. It was predominated by ST-50 (74%), whereas only 2.7% of the strains represented the founder type, ST-21. Moreover, ST-50 was found to be overrepresented among isolates both from humans and from poultry. In other studies, the most abundant types that belonged to the ST-21 complex were ST-53 in The Netherlands (21), ST-21 in the United Kingdom and the United States (10, 16) , and ST-262 and ST-53 in England (2) . Although the ST-21 complex included isolates from all sources in our study, different STs were found to be predominant among isolates from cattle (ST-53 and ST-883) and isolates from humans and poultry (ST-50).
Another interesting finding was the association of ST-50 and ST-677 with isolates from humans. ST-677 was not detected among isolates from cattle or poultry in our study. Furthermore, ST-677 was more common among patients requiring hospitalization and a longer stay at the hospital, though further studies are needed to reveal if this particular clonal genotype could cause a more severe disease than others. Schönberg-Norio et al. (20) found that hospitalization due to Campylobacter infections was associated with advanced age. In our study, no statistically significant association was observed between the ST-677 complex and advanced age, although patients with the ST-677 complex had a mean age slightly higher than the overall average age of those with Campylobacter infection.
The occurrence of the ST-677 complex was associated with drinking from natural sources of water and nonchlorinated water from a small water plant. Previous findings of the ST-677 complex from wild birds and natural water sources support the possibility of enhanced survival and adaptation of this particular type for waterborne transmission. However, the negative association of the ST-677 complex with drinking water from a dug well and no association between it and swimming in natural bodies of water remain unexplained. However, the association of new and unassigned STs with swimming in natural bodies of water is in line with the finding of French et al. (11) , who reported that the ST-45 complex and uncommon STs were overrepresented in the feces of wildlife and in natural bodies of water. In addition, many uncommon STs previously isolated only from wild birds in Sweden, including ST-1003, ST-1326, ST-1332, and ST-1367, were also isolated from patients with domestically acquired infections in Finland.
Several studies have addressed the questions of whether and to what extent C. jejuni populations in different food production animals and wildlife overlap with isolates from human patients. Many STs have actually been shown to be shared by different sources. On the other hand, certain types that seem to be associated only with a particular source exist. Reasons for this might be due to differences in colonization potential and survival in the food processing chains or in the environment. Studies using MLST have revealed several globally common patterns but also some unique features for certain countries or geographical areas. Comparisons between different MLST types of Campylobacter, achieved utilizing microarrays, stress response analysis, survival, colonization potential, and infectivity, can be expected to reveal factors affecting the ecology and epidemiology of this important pathogen.
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